We investigated the effect of refuse feeding on body condition, reproductive success, and survival in banded mongooses (Mungos mungo). Data were collected from 231 mongooses in 3 refuse-feeding groups and 311 mongooses in 8 non-refuse-feeding groups within Queen Elizabeth National Park, Uganda. Refuse-feeding adults were heavier and in better physical condition than non-refuse-feeding adults. Refuse-feeding females carried more fetuses than non-refuse-feeding females, but no difference was found in conception rate, number of emerging young, or number of independent young per female between refuse-feeding and non-refuse-feeding females. Male young in refuse-feeding groups had higher mortality than all other young. These findings show that for this social carnivore, access to garbage dumps had significant but contrasting effects on components of fitness but no overall effect on evolutionary fitness.
Food availability plays a major role in animal population dynamics. Body condition, breeding success, and survival of animals often depend to a large extent on food abundance (Boutin 1990; Dobson and Kjelgaard 1985) . This may be particularly true in cooperatively breeding species, where ecological constraints on breeding resulting from lack of food have been suggested to play a significant role (Emlen 1990; Reyer 1990) .
Many experimental studies have manipulated food availability to evaluate its effects on population dynamics, but the majority of these studies have concentrated on temperate-zone herbivores (Boutin 1990) . Carnivores often use human refuse as a source of food; examples include bears (Knight and Eberhardt 1985; Lunn and Stirling 1985) , foxes (Harrison 1997; Kapel 1999; White et al. 1996) , European wolves (Canis lupus- Ciucci et al. 1997) , and golden jackals (Canis aureus Macdonald 1979) , but the effect of refuse feeding on the demography of carnivores has been poorly studied.
Understanding the effects of garbage dumps on the ecology of wild animals is especially relevant to the management of national parks because human habitation and refuse sites often occur within parks or on park boundaries. Such refuse sites may therefore affect the population dynamics of species within protected areas. Garbage dumps can increase populations, including some of conservation value, (e.g., grizzly bear- Craighead et al. 1995; Knight and Eberhardt 1985; and European wolf-Ciucci et al. 1997) ; however, garbage dumps also can increase animal-human conflict (Blanchard and Knight 1995; Brennan et al. 1985; Vermeer 1992) .
Generally, individual animals in good body condition have higher evolutionary fitness than those in poor body condition, through higher reproductive success per event (Dobson and Michener 1995; Festa-Bianchet 1998; Festa-Bianchet et al. 1998) or longer reproductive lifetimes (Cote and FestaBianchet 2001; Festa-Bianchet et al. 1997) . Because food intake is often a correlate of body condition, individuals with access to experimentally supplemented food usually have greater body mass (Boutin 1990 ). Similarly, refuse-feeding individuals are usually heavier than their natural-feeding counterparts (Blanchard 1987; Lunn and Stirling 1985; Pons and Migot 1995) . Therefore, supplementary-fed individuals may be expected to have a higher evolutionary fitness than unsupplemented individuals.
Reproduction is an energetically demanding activity, from mating where males may have to defend females, through gestation and lactation, to raising young (Clutton-Brock 1991) . Therefore, individuals must be in good condition to go through these stages. Females generally increase their food intake during pregnancy and lactation (Muruthi et al. 1991) , and in many species the timing of reproduction coincides with periods of increased food availability, or individuals only breed when in sufficiently good body condition (Festa-Bianchet 1988) . Therefore, the quantity and quality of food are important factors that determine reproductive success, and individuals with access to supplementary food may be expected to have increased reproductive success (Arcese and Smith 1988; Pons and Migot 1995) .
In a wild habitat, starvation, predation, and disease are the main threats to survival. If food is a limited resource, a reliable food supply may decrease mortality by reducing risk of starvation. However, because a concentrated food source may attract and concentrate feeding individuals (in time or space), it also may concentrate numbers of predators, or time spent by predators at the food source (the ''pantry effect' '-Batzli 1983) . Consequently, increased mortality of the prey species may result.
A survey of national parks around coastal Natal (including South Africa, Zimbabwe, and Natal) suggests that banded mongooses (Mungos mungo) commonly have access to garbage dumps (M. A. Cant, pers. comm.) , and this is probably also the case for other mongoose species (Earle 1981; Wenhold 1990 ). For banded mongooses, which naturally forage on dispersed invertebrate prey (Rood 1975) , food in garbage dumps represents a concentrated, supplemental resource. We have previously shown that access to refuse affects the dynamics of banded mongoose groups and have suggested that refuse feeding can increase population density by increasing group size (Gilchrist and Otali 2002) . Changes in population size are consequences of changes in reproductive output, survival, or migration of individuals (e.g., in Columbian ground squirrels [Spermophilus columbianus]- Dobson and Oli 2001) . In this study, we examine the effects of supplemental food (at garbage dumps) on a range of demographic and ecological variables in a social carnivore by comparing refuse-feeding and non-refuse-feeding individuals of the cooperative-breeding banded mongoose. We test the following hypotheses: refuse-feeding individuals are in better condition and have higher reproductive success than nonrefuse-feeding individuals, and refuse-feeding individuals have higher rates of mortality due to higher densities of predators at garbage dumps.
MATERIALS AND METHODS
Study species.-The banded mongoose is a social, diurnal, small carnivore in the family Herpestidae (Honacki et al. 1982) . Banded mongooses feed on termites, millipedes, dung beetles, beetle larvae, and occasionally small vertebrates (Rood 1975) . They live in groups of 5-40, typically consisting of multiple breeding females and males (Cant 2000; Rood 1975) . Females give birth after a 2-month gestation, and mating usually occurs 1-2 weeks after parturition (Cant 2000; Rood 1975) .
Study site and population.-Fieldwork was carried out on and around Mweya peninsula, Queen Elizabeth National Park, southwestern Uganda (08129S, 278549E). The climate is equatorial with little annual fluctuation in day length or temperature. The vegetation of the study site was predominantly short and medium fire-climax grassland with numerous dense thickets dominated by Capparis tomentosa growing in association with Azima tetracantha and Euphorbia candelabrum (Lock 1977; Spinage 1982) . Mweya peninsula (4.95 km 2 ) houses the park headquarters and is populated by 500-700 park and lodge staff, plus additional tourists. Hence, it contains numerous small garbage dumps.
We monitored 542 mongooses from January 1998 to January 2000, in 11 groups, 3 of which had garbage dumps in their home range. Of the 11 groups, behavioral and demographic data were collected on 9 groups that were habituated to observers' presence, including 1 group just outside the peninsula. The 2 unhabituated groups farther off the peninsula were only used in analysis of trapping data. Mean group size (excluding pups) was 14 6 2.0 SE and mean home range size was 90.5 6 30.7 ha (Gilchrist and Otali 2002) .
We defined garbage dumps as sites of human refuse disposal. Foodstuffs available to mongooses at garbage dumps included meat, fish, fowl, gravy, rice, and a variety of local foods. Although we were unable to quantify the amount of waste food available to mongooses at a site, 3 groups had access to predictable garbage dumps (lodge kitchen bins, main dump, and canteen dump) with a daily supply of food available, and 1 group additionally had access to unpredictable, small garbage dumps within the staff housing area (Gilchrist and Otali 2002) .
Locating and monitoring groups.-Our procedures followed American Society of Mammalogists guidelines (http://www.mammalogy. org/committees/index.asp). We usually visited each group once or twice a day, between 0700 h and 1930 h. One or 2 individuals in each group were fitted with a radiotransmitter (Telonics, Mesa, Arizona). For identification purposes, remaining individuals were uniquely marked with either a handmade color-coded plastic collar or a small patch of shaved fur.
Details of the trapping and immobilization procedure are given by Cant (Cant 2000; Cant et al. 2001) . While immobilized, individuals were weighed (6 0.5 g), and head width (breadth of zygomatic arch; 6 0.1 mm) was measured. Head width was used as an index of body size because it was more highly correlated with age (in days) than body length.
Pregnancy and number of fetuses were detected by palpation of trapped females from 2 to 4 weeks after estrus. For females that were not trapped, pregnancy was evident as a visibly swollen abdomen after about the 4th week of the 8-week gestation. Parturition or abortion was detected when the abdomen size returned to normal.
Within a group, females generally give birth synchronously in a communal den (Cant 2000) . A litter was defined as the total number of young born to all females in the group. Groups that were babysitting young in the den (Cant 2003; Rood 1974) were visited daily until young emerged, about 30 days after birth (Gilchrist 2001) . The number of emergent young in a litter was determined by observation 1-5 days after 1st emergence. Young were usually independent about 90 days after birth (Gilchrist 2001) . Therefore, the number of independent young was defined as the number surviving at 90 days. Age categories were defined as pups, 0-90 days; infants, 91-182 days; subadults, 183-364 days; and adults, .364 days.
Statistical analyses.-Statistical analyses were performed by using MINITAB 12 software (Minitab Inc., State College, Pennsylvania) and Genstat 5.4 software (Lawes Agricultural Trust, Rothamsted, United Kingdom). Normally distributed data (confirmed by Kolmogorov-Smirnov normality tests) were analyzed by using general linear models. Binomial data were analyzed by using generalized linear models or iterated reweighted restricted maximum likelihood models with logit link function fitted to the data. Where appropriate, comparisons of means were made with Student's t-tests. For analyses of body condition and reproductive success, we confirmed the absence of a group effect by repeating each analysis with group identity as the random term in a restricted estimate maximum likelihood model. For comparisons of observed and expected frequencies, we used the G-test for goodness of fit (Sokal and Rohlf 1995) . All tests were 2-tailed with a significance level of P , 0.05. All means are expressed 6 SE.
For analyses of body mass and condition, we used the mean mass and condition of each individual (based on 4.9 6 0.26 captures/ individual). Only adults were considered because they generally maintained a stable body mass (Cant 1998) . Pregnant females were excluded. We used a residual index to measure body condition (Jakob et al. 1996) . Log body mass was regressed on log head width and the equations for the line of best fit were used to calculate predicted body mass for each capture. Body condition index was calculated as observed body mass 4 predicted body mass, which has a mean of 1. Body mass and condition were contrasted between refuse-feeding and non-refuse-feeding individuals by using general linear models.
Measures of reproductive success included the number of times a female conceived per year, mean number of fetuses per female, number of emerging pups per female, and number of pups surviving to independence per female. These were contrasted between refuse-feeding and non-refuse-feeding females by using general linear models.
Conception rate per female was calculated as ([number of conceptions during the study period ÿ 1] 4 number of days between 1st and last conceptions) Â 365. Mean number of fetuses per female was calculated as sum of fetuses in all conceptions 4 number of conceptions. Females that aborted were included in the analysis for conception rate, but were excluded from calculations of emerging and independent pups per female.
Number of emerging pups per female was calculated as total number of emerging pups in a litter 4 total number of pregnant females during the gestation period preceding parturition of the same litter. The number of pups reaching independence per female was calculated (excluding litters that died before emergence) as total number of pups in a litter 90 days after birth 4 total number of pregnant females during the gestation period preceding parturition of the same litter.
Mortality was inferred when single animals disappeared from the demographic record. The cause could not be confirmed in the majority of cases, but in most cases individuals had been healthy on the previous visit. It is unlikely that these mongooses emigrated, because confirmed cases of migration only involved single-sex subgroups (Cant et al. 2001; Gilchrist 2001) . Individuals known to have emigrated (observed evicted or dispersing from the group -Cant et al. 2001) were not included in mortality calculations.
To test whether mortality was greater in refuse-feeding than nonrefuse-feeding groups, we recorded the number of deaths within each age category and within each cohort born during the study period. The number of deaths was fitted to a binomial distribution, with the number of individuals alive when each cohort entered each age category as the denominator. Fifty litters emerged during the study. Mortality for adults was evaluated over the first 6 months of adulthood. Separate models were run for each age category (pups, infants, subadults, and adults). For adults, a 2nd model was fitted for individuals that were adults (estimated from biometric measurement or approximate dates of birth) when our study began. For each group we divided the study period into 6-month periods and analyzed the number of deaths as for the cohort analysis. Data analysis used an iterated reweighted restricted maximum likelihood model for pups because litter identity was a marginally nonsignificant random term (t ¼ 1.92, d.f. ¼ 38, P , 0.1). Neither group nor litter identity was significant for any other age category, and we used generalized linear models for such analyses. Calculations were initially made separately for each sex; however, where the sex Â refuse interaction and sex term were nonsignificant (the case for all age categories except pups), we pooled data for the sexes to provide 1 value per cohort and fitted refuse as the fixed term.
We define predation as any event where a mongoose was killed by another species. Predation and predation attempts were recorded opportunistically. The species involved in these events were identified as potential predators. The location, number, and species of potential predators were scored by counting all individual predators within 100 m of the mongooses every 5 min during observations. We conducted 288 and 1,957 predator scans in 2 refuse-feeding groups and 69-419 scans in 4 non-refuse-feeding groups (total scan time . 259 h). The proportion of scans with !1 potential predator per scan was calculated for each group each day as the number of predator scans with !1 predator 4 total number of predator scans. Daily values were averaged to provide 1 value for each group. We used a general linear model to contrast the proportion of scans with a predator between refusefeeding and non-refuse-feeding groups.
To test whether refuse-feeding groups encountered more predators in refuse areas, we compared the number of predator scans with and without !1 predator in refuse areas to the number that would be expected based upon predator occurrence in nonrefuse areas. Refuse areas were defined (from a grid map of the study area divided into 1-ha squares) as the squares containing a garbage dump and the adjacent squares; nonrefuse areas applied to all other squares. The expected number of scans with predators in refuse areas was calculated as (number of predator scans with !1 predator in nonrefuse areas 4 total number of scans in nonrefuse areas) Â (total number of scans in refuse areas). The expected number of scans with no predators was calculated as above, but with the numerator ¼ number of predator scans with no predators in nonrefuse areas. We used the G-test to test whether predator occurrence was equivalent for refuse and nonrefuse grids.
RESULTS
Refuse-feeding males were significantly heavier (1,515.9 g 6 23.97 SE, n ¼ 50) than non-refuse-feeding males (1,405.4 6 18.72 g, n ¼ 82; F ¼ 13.20, d.f. ¼ 1, 130, P , 0.001; Fig. 1 ). Similarly, refuse-feeding females were significantly heavier (1,393.6 6 25.26 g, n ¼ 34) than non-refuse-feeding females (1,303.4 6 24.90 g, n ¼ 35; F ¼ 6.47, d.f. ¼ 1, 67, P ¼ 0.013; Fig. 1 ). Refuse-feeding males had significantly higher index values for body condition (1.025 6 0.009 SE) than non-refuse- feeding males (0.982 6 0.007; F ¼ 15.34, d.f. ¼ 1, 128, P , 0.001). Similarly, body condition index values for refusefeeding females (1.053 6 0.016) were significantly higher than those of non-refuse-feeding females (0.979 6 0.012; F ¼ 13.70,
No significant difference was found in mean conception rate between refuse-feeding females (4.037 conceptions/year 6 0.208 SE, n ¼ 26) and non-refuse-feeding females (3.573 6 0.194 conceptions/year, n ¼ 30; F ¼ 2.65, d.f. ¼ 1, 54, P ¼ 0.109; Fig. 2a ). However, refuse-feeding females had a significantly higher mean number of fetuses (3.412 fetuses/female 6 0.107 SE, n ¼ 33) than non-refuse-feeding females (3.136 6 0.086 fetuses/female, n ¼ 51; F ¼ 4.02, d.f. 1, 82, P ¼ 0.048; Fig. 2b) . No difference was found in the mean number of pups emerging per female that gave birth between refuse-feeding and non-refuse-feeding groups (refuse-feeding ¼ 1.378 6 0.251 SE, n ¼ 26 litters; non-refuse-feeding ¼ 1.187 6 0.216, n ¼ 35 litters; F ¼ 0.33, d.f. ¼ 1, 59, P ¼ 0.566; Fig. 2c ). Also, no difference was found in the mean number of independent pups per female between refuse-feeding and nonrefuse-feeding groups (refuse-feeding ¼ 0.676 6 0.184 SE, n ¼ 16 litters; non-refuse-feeding ¼ 0.917 6 0.157, n ¼ 22 litters; F ¼ 1.00, d.f. ¼ 1, 36, P ¼ 0.325; Fig. 2d ).
There were 236 deaths among the 449 individuals monitored (annual mortality rates: pups ¼ 0.701 6 0.045 SE; infants ¼ 0.345 6 0.067; subadults ¼ 0.216 6 0.080; adults ¼ 0.143 6 0.109). The proportion of pups dying varied dependent on sex and access to refuse (sex Â refuse interaction: Fig. 3) . Male pups had a higher mortality rate than did female pups in refuse-feeding groups (t ¼ 2.16, d.f. ¼ 34, P , 0.05). Their mortality rate also was higher than that of male pups in non-refuse-feeding groups (t ¼ 2.30, d.f. ¼ 34, P , 0.05). No difference was found between mortality rates of female and male pups in non-refuse-feeding groups (t ¼ 0.96, d.f. ¼ 34, P , 0.4) or between female pups in refuse-feeding and non-refuse-feeding groups (t ¼ 0.38, d.f. ¼ 34, P , 0.8). Within infants, subadults, and adults, no differences were found in mortality between the sexes, and no differences were found between refuse-feeding and non-refuse-feeding groups (access to refuse: infants,
In only 17 of the 33 deaths with known cause did the individual look ill or weak before disappearance. The other 16 individuals were seen killed or being eaten. Of these, 10 were pups, of which 8 were killed by marabou storks (Leptoptilos crumeniferus), 1 was killed by a monitor lizard (Varanus niloticus), and 1 was killed by a warthog (Phacochoerus africanus). We also observed 1 adult mongoose killed and eaten by a warthog, and 2 adults died of human-inflicted burns. All of these encounters occurred within refuse areas. Additionally, within refuse areas, we observed marabou storks and monitor lizards attempting to catch pups, warthogs tossing individuals, and humans throwing objects at mongooses. Outside refuse areas, 1 adult mongoose wearing a radiocollar was tracked to a rock python (Python sebae), and the collar was defecated by the python some time later. We also observed a leopard (Panthera pardus) eating an adult mongoose and a lion (Panthera leo) ''playing'' with a dead mongoose. An adult mongoose was found freshly killed by an unknown predator on 3 occasions.
Of these potential predators, marabou storks, warthogs, and humans occurred often enough to permit the analysis of differences in occurrence between refuse-feeding and nonrefuse-feeding groups. Refuse-feeding groups had a significantly higher proportion of scans with these species present than did non-refuse-feeding groups (marabou storks, refuse ¼ 0.289 6 0.021 SE, nonrefuse ¼ 0.01 6 0.014, F ¼ 121.14, d.f. ¼ 1, 5, P , 0.001; warthogs, refuse ¼ 0.375 6 0.051, nonrefuse ¼ 0.062 6 0.032, F ¼ 26.60, d.f. ¼ 1, 5, P ¼ 0.004; humans, refuse ¼ 0.416 6 0.118, nonrefuse ¼ 0.000 6 0.000, F ¼ 8.84, d.f. ¼ 1, 5, P ¼ 0.031; Fig. 4 ). The number of potential predators (per scan) experienced by refuse-feeding groups also was greater than that for non-refuse-feeding groups (marabou storks, refuse ¼ 0-29, nonrefuse ¼ 0-3; warthogs, refuse ¼ 0-21, nonrefuse ¼ 0-4; humans, refuse ¼ 0-70, nonrefuse ¼ 0).
Both refuse-feeding groups had significantly higher occurrence of predators in refuse than in nonrefuse areas (marabou storks: G ¼ 1,142.584 and 62.197, d. 
DISCUSSION
Examination of our results shows that garbage dumps, as sources of concentrated food, had a significant effect on body condition, reproduction, and survival of banded mongooses. Refuse-feeding individuals were heavier and in better condition than non-refuse-feeding individuals of the same sex. This suggests that refuse-feeding mongooses had more food or better quality food than natural-feeding, non-refuse-feeding group members. Alternatively, because refuse-feeding mongooses concentrate their home range use at refuse areas (Gilchrist and Otali 2002) , they may expend less energy foraging and therefore increase their body energy reserves.
Despite refuse-feeding females being in better condition, little evidence was found that they experienced increased reproductive fitness or that access to refuse affected reproductive skew (Gilchrist 2001) . Experimental manipulation of food availability, for example, by preventing refuse-feeding groups from accessing food at the garbage dumps and by providing non-refuse-feeding groups with supplementary food, would provide a good test of these findings.
The lack of a difference in conception rate between refusefeeding and non-refuse-feeding females is in contrast to studies of other species, which have shown that individuals in better body condition have higher reproductive rates (Brooker and Rowley 1995; Helle and Kauhala 1995; Wauters and Dhondt 1995) or that conception rate is positively correlated with food availability (Arcese and Smith 1988; Eden et al. 1989; van Noordwijk and van Schaik 1999) .
However, females in better condition or with access to supplemental food may allocate more resources to production within litters by increasing litter or clutch size (Karels et al. 2000; Samson and Huot 1995; Schoech 1996) .
Female mongooses with access to refuse gestated larger litters than non-refuse-feeding females. However, the number of emergent pups per female was not greater for refuse-feeding than non-refuse-feeding females.
Pup mortality in the den could be due to pup-pup competition, starvation, infanticide, or predation. Young may compete for access to lactating females (which allosuckle -Neal 1970; Rood 1975) . Because lactation is energetically costly (Clutton-Brock 1991), we might expect refuse-feeding females to lactate more because they were generally in better condition than non-refuse-feeding females. Therefore, it is doubtful that   FIG. 3. -Proportion (mean 6 SE) of refuse-feeding and non-refusefeeding pups of Mungos mungo dying before independence at Queen Elizabeth National Park, Uganda. Asterisk denotes statistical significance (P 0.05) between sexes within feeding groups. A significant difference also was found between male pups in refuse-feeding and non-refuse-feeding groups. Sample sizes are in parentheses.
FIG. 4.-Proportion (mean 6 SE) of visual scans for predators (see text) with 1 or more predators present for refuse-feeding and nonrefuse-feeding groups of Mungos mungo at Queen Elizabeth National Park, Uganda. Asterisk denotes statistical significance (P 0.05) between feeding categories. Sample sizes are in parentheses.
young in refuse-feeding groups would be more likely to starve. If pup-pup competition occurs in the den, parents could increase their own fitness by killing the pups of others. There is circumstantial evidence for intragroup infanticide in refusefeeding groups. However, there is little evidence that it is a common occurrence: in more than 6 years of observations, adult males have only twice been observed to kill preemergent young (Cant 2000) , and bones of newborn pups have been found in feces from only 1 adult male and 3 adult females (Gilchrist 2001) . We observed only 1 case of predation on preemergent young (an intergroup infanticide). Predation on preemergent young probably is rare because dens are accessible to only small predators, and a ''babysitter'' usually guards the den (Cant 2003; Rood 1974 ). However, the high predator density in refuse areas may make preemergent young more vulnerable to predation both in the den and during movement of pups between dens.
The fact that refuse feeding does not reduce mortality suggests that starvation is not an important cause of death. Refuse-feeding groups encountered potential predators more often than did non-refuse-feeding groups, specifically within refuse areas. The abundance of potential predators in refuse areas shows that other species also visited garbage dumps, either to feed on refuse or to prey on mongooses. Therefore, the increased mortality rate of pups in refuse-feeding groups probably was due to predation. However, why male refusefeeding pups had higher mortality than female pups is not clear, because male and female pups were equally likely to associate with an escorting adult (Gilchrist, in press) .
Refuse feeding had contrasting effects on some components of fitness of banded mongooses, but no overall effect on evolutionary fitness. Individuals with access to refuse showed improved body condition, but little evidence of increased reproductive success. Furthermore, rather than decreasing mortality by reducing starvation, access to refuse appeared to increase mortality by predation. Such effects are unlikely to be desirable within national parks, where usually one of the aims is to conserve the natural balance of the ecosystem. Because mongooses and other wild animals commonly have access to human refuse in African national parks, waste food disposal needs to be better managed and controlled.
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